Abstract With the aim of reducing phytic acid content of wheat bran, particle size reduction (from 1,200 to 90 μm), hydrothermal (wet steeping in acetate buffer at pH 4.8 at 55°C for 60 min) and fermentation (using bakery yeast for 8 h at 30°C) and combination of these treatments with particle size reduction were applied and their effects on some properties of the bran were studied. Phytic acid content decreased from 50.1 to 21.6, 32.8 and 43.9 mg/g after particle size reduction, hydrothermal and fermentation, respectively. Particle size reduction along with these treatments further reduced phytic acid content up to 76.4 % and 57.3 %, respectively. Hydrothermal and fermentation decreased, while particle size reduction alone or in combination increased bran lightness. With reducing particle size, total, soluble and insoluble fiber content decreased from 69.7 to 32.1 %, 12.2 to 7.9 % and 57.4 to 24.3 %, respectively. The highest total (74.4 %) and soluble (21.4 %) and the lowest insoluble fiber (52.1 %) content were determined for the hydrothermaled bran. Particle size reduction decreased swelling power, water solubility and water holding capacity. Swelling power and water holding capacity of the hydrothermaled and fermented brans were lower, while water solubility was higher than the control. The amount of Fe +2 , Zn +2 and Ca +2 decreased with reducing particle size. Fermentation had no effect on Fe
Introduction
The health benefits of dietary fibers (e.g. cellulose, hemicelluloses, β-glucans, lignins, pectins and gums) are well demonstrated (Arvanitoyannis and Van HouwelingenKoukaliaroglou 2005; Dhingra et al. 2012) . Therefore, increasing the dietary fiber of foods particularly staple foods such as bakery products have been suggested and there is a strong shift towards these healthier foods. Apart from the health benefits of dietary fiber, it also has distinctive physicochemical properties such as water swelling, water holding capacity and fermentability and has been used in production of low calorie foods, to retain consistency and texture of the food and also to return mouthfeel that is lost when sugar or fat is removed (Sandrou and Arvanitoyannis 2000) .
Wheat bran is known as a low-cost and abounded source of dietary fiber (36-52 %) (Vitaglione et al. 2008; Zhu et al. 2010) . It also contains high quality proteins, vitamins and minerals and has strong antioxidant activity (Adom et al. 2003; Kaur et al. 2012) . Wheat bran has been used traditionally to increase the fiber content of bread and other bakery products. However, the presence of phytic acid (myo-inositol hexaphosphate) in the bran (up to 5 %) and its negative effects on bioavailability of minerals such as iron, calcium, magnesium and zinc has limited its application (Palacios et al. 2008 ). Phytic acid is highly charged with six phosphate groups extending from the central inositol ring structure and therefore, is a superb chelator of mineral ions. It also reduces the bioavailability of food proteins and vitamins. Mineral deficiency (particularly iron and zinc) is considered highly prevalent in developing countries, where the diet is based on cereals and legumes, and also in vulnerable population groups in industrial countries. The negative effect of phytate on mineral bioavailability may have impact in some age groups, particularly children and women in developing countries (Prentice and Bates 1994) . Thus, development of foods with improved mineral availability is of great importance.
To reduce the phytic acid content of wheat bran, different methods have been established including reduction of the bran particle size, fermentation, malting, soaking and hydrothermal processing (Liu et al. 2007; Sanz Penella et al. 2008; Mosharraf et al. 2009; Noort et al. 2010) . Although either of these methods can reduce the phytic acid content of the bran, they may also affect physicochemical and nutritional properties of the bran. These possible changes may impact the properties of the foods in which the bran is included. Therefore, determination of such effects is of great importance for further applications of bran in food products.
The main aim of this study was to determine the effects of the three common methods used for reducing the phytic acid content of wheat bran including size reduction, hydrothermal and fermentation processes and to investigate the effects of these treatments on some physicochemical characteristics of wheat bran.
Materials and methods
Coarse wheat bran with average particle size of about 1,200 μm was gifted by Sepidan milling factory, Zarghan, Fars province, Iran. Active dried bakery yeast (Saccharomysis cervicea) was purchased from the local market. The bran had 10.9±0.03 % moisture content, 11.5±0.05 % protein, 9.1± 0.10 % fat, 0.5±0.05 % ash and 12.5 % crude fiber as determined by the Approved Methods of the AACC (2000). Chemicals used for analytical tests were obtained from Merck, Darmstadt, Germany.
Bran grinding
To obtain different particle sizes of the bran, it was first ground in a laboratory mill (Retsch GmbH, Model SK1, Germany) and then sieved manually to obtain average particle sizes of 420, 280, 170 and 90 μm. The brans of varying particle sizes with no further treatment were known as control.
Hydrothermal treatment
Hydrothermal process was performed according to the method described by Mosharraf et al. (2009) with slight modification. Bran of different particle sizes (300 g) was wet-steeped in 2 volumes of acetate buffer (pH 4.8) at 55°C for 60 min during which the buffer was replaced by new buffer solution twice. Afterwards the bran was incubated at 55°C for 24 h and then it was washed several times with distilled water to reach the initial pH (6.20±0.2) and dried in an oven at 50°C to reach moisture content of 10.9±0.03 %.
Yeast fermentation
Wheat bran was fermented by compressed bakery yeast according to the method described by Servi et al. (2008) with slight modification. The fermentation continued for 8 h at 30°C in a temperature controlled water bath. The brans were then washed several times with distilled water to reach the initial pH (6.20±0.2) and were dried in an oven at 50°C to reach moisture content of 11.0±0.02 %.
Determination of phytic acid
The phytic acid content of the bran of different particle sizes was determined using the method described by García-Estepa et al. (1999) based on complexometric titration of residual iron (III) after phytic acid precipitation.
Determination of the bran color
The color parameters of the brans were evaluated using a modified method of Afshari-Jouibari and Farahnaky (2011) .
Dietary fiber content of the bran Total, soluble and insoluble dietary fiber content of the control and treated brans were determined using the Approved Methods of the AACC (2000).
Hydration properties of the bran
Hydration properties of wheat bran samples in terms of water holding capacity (WHC) and swelling power (SP) were determined according to the methods described by Chen et al. (1988) and Robertson et al. (2000) , respectively.
Water solubility index (WSI)
The WSI of brans was determined by slight modification of the method described by Anderson et al. (1969) . Samples (2.5 g) were dispersed in 30 mL of distilled water, using a glass rod, and cooked at 90°C for 15 min in a water bath. The cooked paste was cooled at room temperature and centrifuged at 3,000 g for 10 min. The supernatant was decanted for determination of its solid content into a tarred evaporating dish. The weight of dry solids was recovered by evaporating the supernatant overnight at 110°C. WSI was calculated by Eq. 1.
Where W 2 0 weight of dissolved solids in supernatant and W 1 0 weight of dry solids
Determination of mineral content
The amount of Fe +2 , Zn +2 and Ca +2 were measured according to atomic absorption method (AOAC 2000).
Statistical analysis
All experiments were conducted in triplicates. Data were analyzed using analysis of variance (ANOVA) procedure by means of the statistical software of SPSS 16. The mean comparison was performed using the Multiple Range Duncan's test (p <0.05).
Results and discussion
Effects of different treatments on phytic acid content of the bran are presented in Table 1 . The results showed that the methods used in this study could significantly reduce the phytic acid content of the bran. The phytic acid of the largest particle size (i.e. 1,200 μm) was 50.1 mg/g. This value and other values obtained for different particle sizes of bran (without any further treatments) were close to the values reported by García-Estepa et al. (1999) . They determined the phytic acid content of the wheat bran obtained from different varieties using the same method used in the current study and reported that most of the samples had a phytic acid content in the range of 34-47 mg/g. In other studies the phytic acid content was in the range of 42-54 mg/g as determined by colorimetric method (Harland and Oberleas 1986) , and 46-67 mg/g as determined by HPLC method (Camire and Clydesdale 1982) .
By reducing bran particle size from 1,200 to 90 μm, phytic acid content reduced from 50.1 to 21.6 mg/g that showed 12.5-56.9 % phytic acid reduction compared to the initial bran particle size (i.e. 1,200 μm) ( Table 1) . In wheat kernel, phytic acid is largely distributed in external layers of pericarp and aleurone layer (Wu et al. 2009 ). Larger particle sizes of bran are obtained from outer bran layers and hence contain higher phytic acid content compared to the smaller particle sizes. It is also possible that the reduction in phytate with decreasing particle size may be attributed to the effect of particle size on extractability of phytate and possibility the treatment applied were more effective when the particle size was reduced. Similar results were presented by García-Estepa et al. (1999) .
For the largest particle size used (i.e. 1,200 μm), hydrothermal treatment decreased the phytic acid content from 50.1 mg/g to 32.8 mg/g that showed 34.0 % reduction in phytic acid. For the same sample, bran fermentation also caused phytic acid reduction from 50.1 to 43.9 mg/g that was 0.12 % reduction. Combination of particle size reduction with either of these treatments further reduced the phytic acid content. Combination of hydrothermal treatment and particle size reduction reduced phytic acid content from 32.8 to 11.8 mg/g that showed 36.5 to 76.4 % reduction compared to the control. Yeast fermentation along with particle size reduction decreased the phytic acid content from 43.9 to 21.3 mg/g that showed 28.4 to 57.3 % reduction compared to the control (Table 1) . Thus hydrothermal treatment along with particle size reduction was the most effective treatment for phytic acid reduction. Zielinski et al. (2001) and Mosharraf et al. (2009) observed a significant reduction in phytic acid content of wheat brans by hydrothermal treatment. The effect of hydrothermal process on phytic acid reduction may be related to the acetic condition (pH 4.5) used in this treatment which can enhance the endogenous phytase of the bran resulting in the degradation of phytic acid. Moreover, several washing steps during this process may remove phytic acid. High phytic acid loss in the fine bran is likely explained by its larger surface area so that phytic acid is more readily leached into the water. Different mechanisms have been explained for the effects of yeast on phytic acid content of the bran. For instance, it has been claimed that yeasts contribute phytase activity and thus enhance phytic acid degradation (Türk et al. 2000) . Despite this claim, it has been indicated that pH, temperature and the Table 1 Effect of size reduction, hydrothermal and fermentation treatments on phytic acid content and its reduction in wheat bran compared to the phytic acid content of wheat bran with original particle size (1,200 μm) (n03) amount of inorganic phosphorus accumulated during fermentation may have disfavored yeast phytase activity. Accordingly, the contribution of yeast phytase to the phytic acid reduction in the wheat bran would be ignorable (Leenhardt et al. 2005; Servi et al. 2008) . The contribution of yeasts to the reduction of phytic acid may be related to the production of carbon dioxide and organic acids during fermentation which can reduce the pH of the medium and hence increase the phytic acid solubility and phytase activity (Sandberg and Svanberg 1991; Sandberg 2002) . According to the results (Table 2 ) decreasing bran particle size increased the lightness (L-value), while reduced the redness (a-value) and blueness (b-value) of the samples. The inner layers of the bran which are closer to the endosperm are generally ground into smaller particle sizes during milling. These layers contain more starchy materials and hence are lighter in color than the outer layers. The L-value of the control was higher than the hydrothermaled and fermented brans. Moreover, the hydrothermaled samples were lighter than the fermented ones. Fermentation had no significant effect on the a-value, while it significantly increased the b-value of the bran compared to the control and hydrothermaled counterparts. Hydrothermal treatment reduced the a-value of the samples with particle sizes greater than 170 μm, while it had no significant effect on the a-value of the other samples. The b-value of the control and hydrothermal samples were the same for particle sizes larger than 170 μm, while for smaller particle sizes, the b-value of the hydrothermaled samples was higher than the control. Chemical composition of the bran, chemicals used for the hydrothermal process, acids and enzymes produced during fermentation as well as drying step may affect bran color.
Effects of hydrothermal and fermentation treatments on total, soluble and insoluble fiber of bran are given in Table 3 . In general, reducing bran particle size (alone or along with hydrothermal or fermentation) decreased total, soluble and insoluble fiber content of the samples. By reducing the particle size from 1,200 μm to 90 μm (with no more treatment) about 54 % reduction in total, 35 % in soluble and 57 % in insoluble fiber contents of the bran were determined. This can be related to the fact that the fine bran particle sizes are obtained from inner layers of the bran fraction which contain less fiber than the outer layers (de Kock et al. 1999) . Larger particle sizes showed higher content of insoluble and lower content of soluble fiber in comparison with smaller particle sizes. This is in agreement with previous results reported by Shenoy and Prakash (2001) . Hydrothermal and fermentation treatments increased the total and soluble fiber contents of the bran, while reduced the insoluble fiber content. Accordingly, the hydrothermaled bran had the highest amount of soluble and the lowest amount of insoluble fibers followed by the fermented samples. Acidic buffer together with heating used in hydrothermal treatment and acids produced during fermentation and as well as activation of some enzymes may increase the solubility of the fiber. The washing steps used in both of these treatments may remove some of the water soluble materials (e.g. proteins and polysaccharides) and hence the remaining materials had higher fiber content compared to the control. Interactions of the bran molecules with water described by SP, WSI and WHC are presented in Table 4 . The results showed that by decreasing the particle size of all the samples, SP and WHC of the brans decreased, significantly, while WSI increased. These parameters are related to the amount of hydrocolloids (e.g. cellulose, pentosans and proteins) present in the bran. Previous results (Table 3) indicated that the insoluble fiber content of the bran with larger particle sizes was more than that of the bran with smaller particle sizes. The porous matrix structure of the insoluble fiber chains can hold large amounts of water through hydrogen bonds (Kethireddipalli et al. 2002) and increase the SP of the samples. Noort et al (2010) reported that by size reduction of the bran from 1,000 to 75 μm, WHC decreased from 500 to 250 %. The hydrothermaled and fermented samples had less insoluble fiber content than the control and hence they showed lower SP and WHC. On the other hand, WSI shows the amount of water soluble materials of the samples. Water soluble materials such as sugars, proteins particularly albumins and globulins and soluble polysaccharides such as soluble fibers are accounted for the bran water soluble materials. The amount of these components reduced as the particle size of the bran decreased. As mentioned before hydrothermal and fermentation treatments can increase the soluble fiber content of the bran resulting in higher WSI. According to the results (Table 4 ), brans with smaller particle sizes are less effective in holding water and swelling in aqueous media. Accordingly, they may be less effective in holding water in faeces and in promoting rapid transit of digesta through the gut. Therefore, coarse bran and foods supplemented with them are suitable choice for patients with divertiticular disease and people needing of high fiber diet to encourage colonic health (Sidhu et al. 1999 ). On the other hand, higher swelling of the bran may have some effects on the water uptake and quality of the products in which bran is included. For instance, BonnandDucasse et al. (2010) reported significant correlations between bread dough peak time and peak bandwidth as determined by a mixograph. They also found that the insoluble fibers can retain water and compete for water with other constituents of the dough and hence may reduce dough development time. Insoluble fibers also lead to an increase of dough consistency and resistance to expansion. (Peterson et al. 1986 ). The results showed (Table 5 ) that the level of these elements decreased with reducing bran particle size possibly because of the presence of more starchy materials in the finer brans. The Fe +2 decreased from 0.026 to 0.016 %, Zn +2 decreased from 0.006 to 0.003 % and Ca +2 reduced from 0.080 to 0.046 % when particle size decreased from 1,200 to 90 μm. Comparing to the control, the Fe +2 and Zn +2 content of the bran remained unchanged after fermentation, but a small decrease in the Ca +2 content was observed. Nevertheless, hydrothermal treatment slightly reduced of these elements so that the Fe +2 decreased from 0.025 to 0.014 %, Zn +2 decreased from 0.006 to 0.002 % and Ca +2 reduced from 0.080 to 0.040 % that might be related to several washing steps used in this treatment (Liang et al. 2009 ).
Conclusion
The results of this study showed that particle size reduction, hydrothermal and fermentation treatments were effective methods for reducing the phytic acid content of wheat bran. The hydrothermal and fermentation treatments along with reducing bran particle size appeared to be more effective compared to either of these methods, individually. Amongst them, particle size reduction along with hydrothermal treatment resulted in the lowest phytic acid content. Phytic acid reduction of up to 56.9 %, 76.4 and 57.3 were obtained for particle size reduction alone and along with hydrothermal and fermentation treatments, respectively. Effects of these methods on the functional and nutritional properties of the bran were not similar. Decreasing barn particle size had positive effect on barn lightness, while hydrothermal and fermentation treatments had negative effect on this parameter. Particle size reduction had negative effect on total, soluble and insoluble fiber content. Applying hydrothermal and fermentation treatments increased total and soluble fiber contents, while reduced insoluble fiber content. The highest amount of total and soluble fiber content obtained for the hydrothermaled bran (37.2-74.4 % and 16.3-21 .4 %, respectively). The highest SP and WHC obtained for the samples of larger particle size that followed no further treatments. The highest WSI obtained for hydrothermal followed by the fermentation treatment. Reducing barn particle size had negative effect on Fe +2 , Ca +2 and Zn +2 content of the bran. Except Ca +2 content that decreased slightly upon fermentation, other minerals tested in this study remained unchanged. The hydrothermal treatment decreased the amount of all minerals determined in this study. In general, it can be concluded that hydrothermal treatment was the most effective method in reducing phytic acid content with highest amount of total and soluble fiber content. Further studies are required to improve these methods in order to obtain lower phytic acid content and to determine the properties of different food products such as cakes and bread containing low phytic acid wheat bran.
